INTRODUCTION
============

DepoDur® (Pacira Pharmaceutical Inc., Parsippany, NJ, USA) is a single-dose extended-release formulation of morphine injected into the epidural space. It provides postoperative analgesia for up to 48 hours, and is the only licensed opiate for neuro-axial use in the United Kingdom (UK) \[[@B1]\]. DepoDur® is administered in a single dose of 7.5-10 mg as a single injection through a Tuohy needle into the epidural space. The need for an epidural catheter is eliminated. The use of a liposomal drug delivery system results in slow, sustained release of the opiate. DepoDur® reaches full efficacy four hours after administration and in the interim, analgesia spinal bupivacaine or intravenous opiate analgesia may be also used \[[@B2]\].

The potential advantages of DepoDur® over conventional spinal and epidural techniques include improved pain scores \[[@B3], [@B4], [@B5]\], improved mobility \[[@B6]\], and lack of interference with thromboprophylaxis regimens \[[@B4]\]. Much of this evidence comes from orthopedic, obstetric and gynecological surgery where studies have shown effective long-lasting analgesia in the absence of large concentrations of opioids, as well as better patient activity levels and patient satisfaction \[[@B4], [@B7], [@B8]\]. Very little evidence exists in colorectal surgery. To further analyze these advantages, we conducted a prospective audit of all colorectal cases at our institution in which DepoDur® was used. To our knowledge, this is the largest case series reporting the use of DepoDur® in colorectal surgery in the English literature.

METHODS
=======

Prospective data were collected on all patients undergoing colorectal surgery where DepoDur® was used between July 2010 and April 2012. Data were collected from the first patient that started receiving DepoDur® at our institution. Data were recorded intraoperatively by the anesthetic team and postoperatively by the specialist pain team by using a set proforma. Contraindications to conventional epidural anesthesia apply to DepoDur® injection, and when these were present, DepoDur® was not used. These contraindications include anatomical abnormalities, previous spinal surgery, coagulopathy, infection at the site of injection, septicaemia, and allergy. All patients received regular oral paracetamol and nonsteroidal anti-inflammatory drugs (NSAID), unless contraindicated.

The primary outcome measures were dynamic pain (pain on movement from a bed to a chair) and resting pain (pain when not moving), need for additional analgesia, and mobilization. Validated pain scores were used to record pain. Length of stay (defined as the number of days the patient remained in hospital after the operation) was also recorded. Data on side effects were also recorded. Data were managed using Microsoft Excel. Parametric variables were compared using the paired t-test, and significance was set at P ≤ 0.05.

RESULTS
=======

The total number of cases included in this series was 280. One hundred forty-five (52%) were male and 135 (48%) were female. The median age was 68.9 years (interquartile range \[IQR\], 19.6 years). The procedures carried out are shown in [Table 1](#T1){ref-type="table"}. [Table 2](#T2){ref-type="table"} further breaks down the noncategorized operations. One hundred twelve of the surgeries (40%) were performed laparoscopically, and 3 surgeries (1%) were converted from laparoscopic to open; for purposes of data analysis, these were regarded as open surgeries.

A significant difference was seen between mean resting pain scores at 24 hours (1.34) and 48 hours (2.10) (P \< 0.01) for all cases. These differences were significant in the anterior resection and other-procedures subgroups (P ≤ 0.01 and P = 0.04, respectively). [Table 3](#T3){ref-type="table"} shows the full subgroup analysis breaking down the pain scores by procedure. A significant difference was also seen between average dynamic pain scores at 24 hours (3.09) and 48 hours (4.17) (P \< 0.01) for all cases. This difference was again significant in the anterior resection subgroup. Additionally, the difference in dynamic pain scores at 24 and 48 hours was significant in the right hemicolectomy subgroup. [Table 4](#T4){ref-type="table"} shows the full subgroup analysis. [Table 5](#T5){ref-type="table"} compares pain scores between the laparoscopic and the open surgery groups. There is a trend towards better resting and dynamic pain scores in the laparoscopic group at both time points. Statistical significance is seen at 48 hours in resting pain scores and at 24 hours in dynamic pain scores.

Data were recorded for 97% of patients at 24 hours and at 48 hours. Of the patients, 81% required simple analgesia (IV paracetamol +/- NSAIDS) alone at 24 hours. Ten percent required oramorph, and a further 9% required patient-controlled analgesia (PCA). At 48 hours, 62% of patients received adequate pain control with simple analgesics alone while 26% required additional oramorph and a further 12% required PCA ([Table 6](#T6){ref-type="table"}).

Data on mobilization at 24 hours was recorded for 252 of the total 280 patients (90%). Of these patients, 77% were mobilized at 24 hours (193 patients). [Table 6](#T6){ref-type="table"} shows the subgroup analysis. Data on mobilization at 48 hours was recorded for 244 patients of the total 280 patients (87%). Of these patients, 90% were mobilized at 48 hours (219 patients). [Table 7](#T7){ref-type="table"} shows the subgroup analysis.

The median length of stay for all patients, including patients undergoing emergency surgery, was 6 days, with an IQR of 4 days. [Table 8](#T8){ref-type="table"} shows the subgroup analysis, and further breaks down the length of stay by the procedure performed. Side effects were also recorded during the first 48 hours postoperatively. Common side effects were transient hypotension, prolonged sedation, pruritus and nausea. [Table 9](#T9){ref-type="table"} summarizes the side-effect profile.

DISCUSSION
==========

The enhanced recovery program (ERP) in colorectal surgery is well established and evidence based \[[@B9]\]. The key factors influencing recovery in the postoperative phase and thereby affecting hospital stay are recognized to be the need for parenteral analgesia, fluid balance/monitoring (i.e., intravenous fluids and urinary catheterization), and mobility \[[@B9], [@B10]\].

Optimal pain relief and early mobilization in particular have been associated with improvements in physical performance and pulmonary function and with a marked reduction in length of hospital stay \[[@B11],[@B12],[@B13],[@B14]\].

Several controlled trials and a Cochrane review have established that optimal analgesia allowing early mobilization is best achieved by using continuous epidural local anesthetic or local anesthetic-opioid techniques \[[@B14], [@B15]\]. The optimal duration for continuous epidural anesthesia has not been well investigated in randomized trials, but large case series suggest that a minimum of two days is necessary in major colorectal surgery \[[@B15]\]. This often means a dependence an epidural catheterization, infusion pumps, urinary catheterization, and intravenous fluids. In our series, no epidural catheters and no epidural infusion pumps were used for any of the patients.

In our series 60% of the procedures were open, and this is typical of most hospitals in the UK. Whilst a single spinal injection has been shown to be effective and adequate in laparoscopic surgery, epidural infusion for 48 hours has been shown to be the gold standard in open surgery \[[@B14]\]. Our series also shows effective resting and dynamic analgesia in this open group. The greatest advantages of DepoDur® in terms of early mobilization are likely to be seen in the open surgery group.

When comparing all cases, significant differences in resting pain and dynamic pain at 24 and 48 hours were seen. This is to be expected as the DepoDur® injection is not as effective after 48 hours. We should note, however, that the overall pain scores were low and below 5 (out of a maximum of 10) - suggesting good pain control even at 48 hours. Also, the resting and dynamic pain scores seen at 24 and 48 hours for laparoscopic surgery were lower than those seen for open surgery. This is to be expected as the smaller number of incisions associated with laparoscopic surgery are recognized to result in less postoperative pain.

Intravenous opiates have greater cardiac and respiratory complications and may prolong the duration of gastrointestinal ileus when compared to epidural opiates \[[@B16], [@B17]\], and this may further delay recovery. Encouragingly, in our cohort, approximately 30% of all patients did not require any additional opiate analgesia, and only 12% of the patients required a PCA at 48 hours.

Immobility increases insulin resistance and muscle loss and decreases muscle strength, pulmonary function and tissue oxygenation \[[@B10]\]. Almost 80% of the patients in our cohort were mobilized at 24 hours, and 93% were mobilized at 48 hours. The lack of epidural catheters and infusion pumps facilitated earlier mobilization and faster recovery.

The highest pain scores, the greatest analgesic requirements and the lowest mobilization rates were seen in the Hartman\'s operation group. This may be because these operations are often done as emergencies, and the patients are generally in worse condition than the other patients in the cohort. However, these factors were not specifically investigated, and the overall number of Hartman\'s procedures was small, so no definitive conclusions could be drawn.

A recent randomized control trial comparing epidural to spinal anesthesia and PCA alone in laparoscopic colorectal resections has shown that epidural anesthesia was significantly worse in terms of length of stay, time to return of bowel function. and duration of nausea \[[@B15]\]. Our unique series included open colorectal surgery and identified further potential advantages over PCA and spinal anesthesia, and this may be an area for future studies.

The lengths of stay for our cohort were similar to those for a published series \[[@B9]\]. The results would, therefore, suggest that DepoDur® is not a key element in reducing the length of hospital stay. Similar results have been reported in the literature on epidurals and PCA \[[@B15], [@B18]\]. We have shown that DepoDur® is an effective analgesic that may promote early mobilization. Early mobilization has been shown to prevent complications.

Khuri et al. \[[@B19]\] reported that the occurrence of any complications 30 day postoperatively had a detrimental effect on overall survival after major surgery. A reduction in complications may, therefore, result in increased long-term survival. The side-effect profile is shown in [Table 8](#T8){ref-type="table"}, and this is in keeping with published literature \[[@B6]\]. Transient hypotension, respiratory compromise, pruritus, and nausea were the most common side effects. Whilst these are established side effects of opiates, one must bear in mind that at least some will be secondary to the surgery and/or anesthetic agent used.

Trials involving the use of extended-release epidural morphine are lacking. In one small randomized control trial, single-dose extended-release morphine was compared with standard epidural infusion, and requirements for additional analgesia were found to be reduced. No data were provided on mobilization \[[@B5]\]. Well-designed, appropriately-powered, randomized, controlled trials are needed. Our large case series is not a trial, and we have not made direct comparisons with traditional epidural infusions or other forms of postoperative analgesia. It does, however, serve to highlight the advantages of extended-release epidural morphine (DepoDur®) in the context of colorectal surgery. In particular, we have shown encouraging results in pain management and early mobilization. Such advantages may improve overall survival and serve to enhance the ERP. This prospective study also provides encouraging data that justifies a randomized, controlled trail, and preliminary data from this study can be used to design a strong, appropriately-powered, randomized, control trial.
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Mean (standard deviation) resting pain scores at 24 and 48 hours
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Values are presented as mean (standard deviation).

^a^Significant at P \< 0.05 using the paired two-tailed t-test.
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Mean (standard deviation) dynamic pain scores at 24 and 48 hours
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Values are presented as mean (standard deviation).

^a^Significant at P \< 0.05 using the paired two-tailed t-test.

###### 

Comparison of pain scores between the laparoscopic and the open groups
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Values are presented as mean (standard deviation).

^a^Significant at P\<0.05 using the paired two-tailed t-test.
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Additional analgesia requirements at 24 and 48 hours
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Values are presented as number (%).
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Mobilization at 24 and 48 hours
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Length of stay by procedure group
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Values are presented as median (interquartile range).
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Side effects recorded (n = 277)
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